form a negative feedback mechanism in the circadian oscillator [1] . The Cry-Per complex directly inhibits BMAL1 transcription, thereby ensuring a subsequent reduction in their own expression [1] . As a consequence, the positive (BMAL1) and negative (Cry, Per) mRNAs are expressed in anti-phase to one another throughout the 24 hr period [1] . The BMAL1-Clock heterodimer has additional direct transcriptional targets [3] . These include the nuclear hormone receptor family members Rev-erb a (NR1D1), Rev-erbb (NR1D2), RORa, and RORb, the albumin D-site binding protein (DBP), and the leucine zipper protein E4BP4 (also known as nuclear factor interleukin 3, NFIL3) [3] . While the Rev-erb proteins serve as transcriptional repressors, they are counter-balanced by the transcriptional activation function of the ROR proteins [3] . In a manner similar to the Rev-erb and ROR proteins, DBP and E4BP4 drive transcription from their own individual response element-specific circadian targets [3] .
In 1996, Green reported the discovery of a novel leucine zipper protein exhibiting a robust circadian oscillation with peak mRNA expression during the night, giving it the name 'Nocturnin' [6] [7] [8] [9] . Subsequent studies revealed that Nocturnin acts enzymatically as a deadenylase [7] . While Nocturnin was originally discovered through a differential display screen of the Xenopus retinal photoreceptor, it has since been found in multiple metabolically active organs in mammalian species, including adipose tissues, bone, and liver [6, 8, 10] . Nocturnin -/-mice exhibit unique metabolic properties [11] . Unlike their wild-type littermates, they are resistant to the development of obesity when placed on a high fat diet (HFD) [11] . Additionally, the Nocturnin -/-mice fail to develop fatty liver disease, similar to the NonAlcoholic SteatoHepatitis (NASH) condition that has become increasingly common in parallel with the worldwide obesity epidemic [11] . These observations led Green and her colleagues to conclude that ''Nocturnin knockout mice have deficits in lipid metabolism or uptake, in addition to changes in glucose and insulin sensitivity'' [11] .
Gastrointestinal (GI) complaints are among the most common side effects reported by international travelers whenever they traverse multiple time zones. While some travelers blame the declining quality of airline food for their troubles, much of the responsibility lies with circadian mechanisms. Just as photic stimuli from the light-dark cycle entrain the body's circadian clocks, it is now appreciated that feeding times, acting through the so-called 'food entrainable oscillator', are also at work. The molecular components of the circadian oscillator are found not only in the central nervous system but in metabolically active peripheral organs. The GI tract is no exception as demonstrated in a landmark paper by Pan and Hussain [12] . Their examination of both wild-type and Clock mut murine strains documented the circadian oscillation of the conserved circadian mRNAs and proteins in the small intestine and their relation to lipid, protein, and macronutrient absorption [12] . Furthermore, they found that mutations in Clock impacted the expression of critical nutrient transport proteins at the cellular level [12] . Synergies between the Green and Hussain laboratories have begun to explore the next important question: which downstream targets of Clock are responsible for mediating its effects in the GI tract [13] ?
In this issue of Current Biology, Douris et al. [13] report on their comprehensive comparison of the circadian biology of GI function between wild-type and Nocturnin -/-mice. Nocturnin mRNA levels exhibit a robust circadian oscillation in the small intestine and can be induced following an olive oil gavage feeding [13] . Unlike their wild-type controls, Nocturnin -/-mice fail to absorb radiolabeled cholesterol and triglycerides to the same degree. This defect was traced to the level of the enterocytes, the columnar epithelial cells lining the surface of the microvilli in the small intestine, which accumulated triglyceride and failed to secrete chylomicrons efficiently [13] . This abnormal lipoprotein metabolism in Nocturnin -/-mice may account for their resistance to HFD-induced obesity [13] .
Here, it is important to remember the nuances of lipid absorption and a little bit of what might appear to be arcane gross anatomy. While short and medium chain dietary fatty acids transport directly across the enterocytes into the plasma where they are whisked off to be metabolized within the hepatic circulation, long chain fatty acids enter via a different pathway [13] . Once inside the enterocyte, the long chain fatty acids and apolipoproteins are packaged into chylomicrons, which enter the lymphatic rather than the circulatory system. By doing so, the chylomicrons bypass the metabolic impact of the liver altogether. Instead, the chylomicrons drain from the GI tract via the lymphatic duct to the junction of the internal jugular and subclavian veins of the neck. Subsequently, chylomicrons go directly to the right heart where they are distributed first to the pulmonary circulation before trafficking throughout the body via the arterial system. Douris et al.'s [13] novel observations on the GI tract of Nocturnin -/-mice raise our appreciation of the circadian clock's role in systemic lipid metabolism to a new level. First, the work suggests that Nocturnin's role as a downstream transcriptional mediator of the circadian clock has equal importance to that of DBP, Rev-erb, and ROR. Second, it re-emphasizes the fact that circadian mechanisms not only act at the level of the central nervous system but also directly alter metabolism in peripheral tissues and organs. Finally, Douris et al. [13] have stimulated new and exciting questions. For example, triglyceride derivatives have been implicated as endogenous ligands for PPARg and may be responsible for driving adipocyte differentiation in HFD-induced obesity [14] . Is it possible that altered chylomicron trafficking and metabolism of long chain fatty acids in Nocturnin -/-mice changes the level of endogenous PPARg ligands in adipose depots, thereby preventing the development of obesity? Likewise, studies have linked the bacterial composition of the intestine to fat storage [15] . Does failure to adequately absorb long chain fatty acids in the small intestine change the gut flora of Nocturnin -/-mice and, by so doing, change their susceptibility to obesity? Could this occur through changes in the intestinal levels of butyrate, a fatty acid derivative shown to protect mice from HFD-induced obesity [16] ? The work implies that the body's systemic metabolism of triglycerides and chylomicrons are directly responsive to Nocturnin's actions. The uptake and clearance of fatty acids from the circulation requires the action of lipoprotein lipase (LPL), which itself displays a circadian oscillatory expression profile [17] . Does the circadian oscillation of LPL change in adipose tissue, liver, or heart of the Nocturnin -/-murine model? These represent only a few of the avenues for new investigations that Douris et al. [13] have uncovered using the Nocturnin -/-model. We expect that this study will prompt other investigative teams to join them in pursuit of Nocturnin's role in driving the GI tract's circadian instincts.
Mating of Ascomycete fungi involves chemically distinct pheromones; one partner makes a lipid-modified peptide, the other partner a simple peptide. A new study has now found that this inherent asymmetry may not be necessary.
Malcolm Whiteway
Proper communication is critical for a successful courtship -this is as true for molds as for man. Compared to our elaborate rituals, however, the fungi have an apparently simple communication strategy that involves small diffusible molecules called pheromones. These pheromones are produced by one cell, and act on receptors on the surface of cells that are potential mating partners. Typically, these pheromones and receptors are produced in a cell-type-specific manner. To anthropomorphize, think Chanel No. 5 and Old Spice Cologne, each designed to attract the sex that doesn't wear them. In this issue of Current Biology, Gonç alves-Sá and Murray [1] report the results of experiments in which they manipulated the fungal mating process of yeast to test the roles of chemically distinct pheromones in the courtship process.
This pheromone system was first identified and studied in the yeast Saccharomyces cerevisiae, a member of Ascomycete phylum of fungi and perhaps the most thoroughly investigated of all eukaryotic cells. In this yeast, it was found that two chemically distinct pheromones were produced; the molecule produced by cells of the a mating type, termed a-factor, is a simple peptide [2] , while the pheromone produced by the mating type a cells, called a-factor, is chemically modified by addition of a lipid and a methyl group to its carboxyl terminus [3] . Because of their distinct chemical properties, the pheromones are exported from the cells in different ways; a-factor is proteolytically processed from a precursor and exported through the standard secretory pathway, while a-factor undergoes a distinctly different series of processing events, and is pumped out of the cell by a specific transporter that can handle its hydrophobic nature [4] .
This arrangement seems unnecessarily complex: why should cells have two distinct processing and export systems for the two pheromones when conceptually you could get by with each cell type simply producing a distinct peptide? The Basidiomycetes, a different phylum of fungi, take this 'one model' route, as all pheromones from these fungi are of the lipid-modified form [5] . However, as more and more mating signaling pathways were identified in the Ascomycetes, the asymmetric pattern was found to be conserved -one pheromone is a simple peptide, the other a lipid-modified peptide (Figure 1 ). Gonç alves-Sá and Murray [1] tested this requirement for two chemically distinct pheromones by reprogramming the receptor-pheromone patterns of yeast cells. In our perfume model, they were doing the equivalent of sticking a guy's nose onto a Chanel-wearing woman, then introducing her to a Chanel-wearing guy, and asking how the evening went.
To do this reprogramming, Gonç alves-Sá and Murray [1] 
